PEGylation of proteins in organic solution: a case study for interferon beta-1b.
Conventional protein PEGylation is carried out in aqueous solution. However, some hydrophobic proteins seem to be stable in organic solution. In this study, a novel approach of PEGylating IFN-β-1b in an organic solution of 2-butanol (2-BuOH) was investigated. Compared with protein PEGylation in aqueous solution, the overall modification yields increased more than 37%, while the yield of mono-PEGylated products could be increased by 36%. Furthermore, the PEGylated IFN-β-1b, which was obtained in organic solution, demonstrated 18% more antiviral potency than those derived from aqueous solution. The PEGylation step could be directly connected to the previous protein separation step for process integration. Dynamic light scattering (DLS) and atomic force microscope (AFM) analysis revealed that IFN-β-1b formed aggregates both in water and in 2-BuOH solutions. However, the aggregates were much smaller and more homogeneous in 2-BuOH than those in aqueous solution, thereby providing larger solvent accessible protein surfaces, which resulted in a more productive PEGylation process. In addition, the results of circular dichroism (CD), fluorescence spectra, and peptide mapping suggested that the increased bioactivity came from the difference in PEGylation site distribution due to solution environment that induced conformational discrepancy. The results of this study show that PEGylation of IFN-β-1b in organic solution is a facile and efficient process, which might find applications for other hydrophobic proteins.